ABSTRACT: The aim of this study was to determine the relative production of chemokines interleukin-8 (IL-8), regulated on activation, normal T-cell expressed and secreted (RANTES) and monocyte chemotactic protein-1 (MCP-1) by intrinsic and extrinsic asthmatics.
Asthma is an inflammatory disease of the lungs that is typically characterized by an increased influx of eosinophils [1] . The recruitment and activation of other leucocytes such as macrophages [2] and T-lymphocytes [3, 4] has also been described. The association of asthma with atopy (extrinsic asthma) is common, however, there are cases of asthma that occur in the apparent absence of any specific atopic responses (intrinsic asthma) [5, 6] . Studies of T-lymphocytes and cytokines in the bronchoalveolar lavage (BAL) and peripheral blood support the view that the immunological mechanisms underlying intrinsic and extrinsic asthma may differ. The differential expression of two key cytokines, interleukin (IL)-4 and interferon-gamma (IFN-γ) [7, 8] , the activation marker human leucocyte antigen (HLA-DR), and the adhesion molecule VLA-4 [9] by T-lymphocytes have all been demonstrated between intrinsic and extrinsic asthma. Furthermore, CD8+ T-lymphocytes have been shown to be increased in the airways of intrinsic asthmatics, but not in the airways of extrinsic asthmatics [7] , suggesting the presence of a selective recruitment mechanism for T-lymphocyte subsets between these two types of asthma.
We hypothesize that the previously observed differences in the selective recruitment of leucocyte populations to the lungs in intrinsic and extrinsic asthma might reflect the production of chemotactic cytokines in the airways of asthmatic individuals. The chemokines are a group of small chemotactic cytokines that share a high level of sequence homology [10] , and were initially divided into two major subfamilies, α and β, depending upon their differential attraction for monocytes and neutrophils. Thus, the α chemokines, typified by IL-8, attracted neutrophils, while the β chemokines, such as regulated on activation, normal T-cell expressed and secreted (RANTES) and monocyte chemotactic protein-1 (MCP-1) had preferential attraction for monocytes. Subsequently, each of these chemokines have been shown to attract various T-lymphocyte populations [11] [12] [13] [14] . The β chemokines are of further interest in asthma because of a wider repertoire of effects upon those cell populations normally associated with asthma and allergic responses, namely eosinophils and basophils [15] . IL-8, RANTES and MCP-1 have all been implicated in inflammatory disorders. The up-regulation of IL-8 by macrophages [16] and MCP-1 airways epithelium [17] in extrinsic asthmatic airways has also been described recently, and RANTES remains highly suspected of a major role in asthma, chiefly because of its potent chemotactic effect upon eosinophils [18] .
In this study, we chose to investigate the production of IL-8, RANTES and MCP-1 by total BAL cells from intrinsic and extrinsic asthmatic subjects. Total BAL cells were used in order to reflect the cellular composition present in the airways in vivo. The majority of cells obtained by BAL were macrophages. Comparisons were made of chemokine protein levels in culture supernatants of total BAL cells and in cell-free BAL fluid (BALF) by enzyme-linked immunosorbent assay (ELISA), and by immunohistochemical staining of total BAL cell cytospins. Results from intrinsic and extrinsic asthmatics were compared with nonatopic and atopic controls, respectively.
Materials and methods

Subjects
Nine intrinsic asthmatics, 10 extrinsic asthmatics, five atopic controls and five nonatopic controls were recruited into this study. Asthma was diagnosed according to American Thoracic Society (ATS) guidelines [19] . Asthma severity was determined by the Aas score [20] . Subjects reported no upper respiratory tract infection in the month prior to investigation. Atopy was defined by skinprick tests to eight common allergens (Bencard, Welwyn Garden City, Herts, UK), and a positive history. Immunoglobulin E (IgE) antibody was measured in all subjects. Details are given in table 1.
Bronchoalveolar lavage
Fibreoptic bronchoscopy and BAL were performed according to ATS guidelines [21] . Subjects were injected intramuscularly with 600 µg atropine and sedated with 0-2 mg alfentanil and 0-10 mg midazolam intravenously. Topical lignocaine was administered to anaesthetize the upper airway. BAL was performed by the instillation of four 60 mL aliquots of sterile 0.9% saline supplemented with 0.05% sodium bicarbonate (Baxter Health Care, Thetford, Norfolk, UK) into the right middle lobe. Each instillation was followed by gentle aspiration into a siliconized bottle kept on ice.
BAL cells and BAL fluid
The total BAL collected was strained through coarse gauze to remove mucus clumps and the filtrate was centrifuged (500×g for 5 min at room temperature) to pellet the BAL cells. Cell-free BALF (unconcentrated) was aspirated and stored in aliquots at -70°C. BAL cells were then washed in RPMI 1640 medium (Gibco, Paisley, UK) supplemented with antibiotics (100 U·mL -1 penicillin and 100 µg·mL -1 streptomycin, Gibco) and fungizone (0.5 µg·mL -1 , Gibco). Viability of cells, assessed by trypan blue dye exclusion, was >98% in all cases. Cytospins were prepared from a small aliquot of BAL cells and stored wrapped in aluminium foil at -70°C for immunostaining. Differential cell counts were performed on remaining total BAL cells (referred to hereafter as BAL cells), which were then washed and resuspended to a concentration of 10 6 macrophages·mL -1 in fresh supplemented RPMI medium. BAL cells were cultured for 24 h at 37°C and 5% CO 2 in the presence or absence of bacterial lipopolysaccharide (LPS; Sigma, Poole, Dorset, UK; at 0, 0.1, 1 and 10 µg·mL -1 ). Supernatants were harvested and stored at -70°C until required. BAL recoveries and differential cell counts for each group are presented in table 2.
Enzyme-linked immunosorbent assay (ELISA)
Polyclonal and monoclonal antibodies to IL-8, RANTES, MCP-1, and recombinant standards were obtained from R&D Systems Europe Ltd (Abingdon, UK). Polyclonal antibodies were biotinylated and used as detecting antibodies. ELISA plates (Nunc maxisorb; Gibco) were coated with 50 µL of monoclonal antibody (1 µg·mL -1 for IL-8 and RANTES, 2 µg·mL -1 for MCP-1) diluted in carbonate buffer, pH 9.6, overnight at 4°C. Plates were washed with phosphate-buffered saline (PBS) containing 0.1% Tween 20, and blocked for 1 h at 37°C with 200 µL of PBS containing 10% foetal calf serum (FCS; Gibco). Plates were washed again, and 50 µL of samples and standards added for 2 h at 37°C. After washing, 50 µL of biotinylated polyclonal antibody (1 µg·mL -1 for IL-8 and RANTES, 2 µg·mL -1 for MCP-1) diluted in wash buffer was added for 1 h at 37°C. Plates were washed, and 100 µL of streptavidin-alkaline phosphatase, diluted 1/200 in wash buffer, was added for 30 min at 37°C. After a final wash, 100 µL of alkaline phosphatase substrate (Sigma) was added for approximately 1 h in the dark. Plates were read on a Dynatech plate reader Dynatech, Billinghurst, Sussex, UK) set to an optical density of 410 nm. Data were extracted using a standard curve sigmoidal plot with tails. The sensitivity of each chemokine ELISA was 20 pg·mL -1 .
Total plasma IgE was measured by ELISA (Wessex Immunology Laboratories, Tenovus Building, Southampton University Hospital, UK). The sensitivity of the ELISA was 5 IU·mL -1 . The normal level of IgE for adults (aged >15 yrs) was calculated as the geometric mean plus one standard deviation (= 81 IU·mL -1 ).
Immunohistochemical staining of BAL cell cytospins
The following procedures were carried out in humid boxes:
IL-8 and MCP-1. IL-8 and MCP-1 were detected using polyclonal rabbit antibody (courtesy R.M. Strieter, University of Michigan, USA), and following the method of PAINE et al. [22] with minor modifications. Cytospins were allowed to thaw wrapped in foil, and were then fixed in 1:1 acetone:methanol for 90 s, followed by a wash in tris-buffered saline (TBS) for 5 min. Slides were blocked for 2 h at 37°C with 2% normal goat serum in TBS. Rabbit antibodies (or control rabbit immunoglobulin (IgG)) were applied diluted 1/500 in 1:1 TBS:block solution for 1.5 h at 37°C. After washing, biotinylated secondary antibody (Biomen, Berkshire, UK) diluted 1/50 in TBS was applied for 1 h at 37°C. Slides were washed, and streptavidin conjugated to alkaline phosphatase (Biomen) applied at a dilution of 1/50 in TBS for 45 min at 37°C. Slides were washed for 5 min in TBS followed by 5 min in 50 nM levamisole (Biomen). Slides were then flooded with alkaline phosphatase substrate solution (Biomen) and incubated for 2-5 min. The reaction was stopped by immersing in running water. Slides were counterstained for 5 min with Mayers haematoxylin (Sigma).
RANTES. An alkaline phosphatase anti-alkaline phosphatase (APAAP) technique was used to detect RANTES, following the method of YING et al. [23] with minor modifications. Slides were fixed as above, washed in TBS and then blocked for 2 h at 37°C with 2% normal goat serum diluted in TBS. Mouse anti-RANTES (R&D Systems Europe Ltd, UK) or normal mouse IgG control (DAKO, High Wycombe, UK) was applied diluted to 25 µg·mL -1 in TBS containing 0.1% Tween 20 (wash buffer) and the slides incubated at room temperature overnight. Slides were then washed for 5 min, and rabbit anti-mouse immunoglobulins (DAKO) applied diluted 1/30 in wash buffer. Slides were incubated for 30 min at room temperature, washed, and mouse monoclonal 
Values are expressed as the median, and range in parenthesis.
APAAP (DAKO), diluted 1/30 in wash buffer, applied for 30 min at room temperature. Rabbit anti-mouse and mouse APAAP steps were repeated three times at 10 min each to enhance staining intensity. After a final wash, slides were flooded with alkaline phosphatase substrate solution (Vector Laboratories Ltd, Peterborough, UK) for 2-5 min. The reaction was stopped by immersion in running water, and slides were counterstained with Mayers haematoxylin (Sigma). All slides were coded and read blind, with comparison to positive and negative controls. A staining intensity score was allotted to each slide as follows: 0 = no staining; 1 = weak staining; 2 = moderate staining; and 3 = strong staining. The cell populations that stained were noted.
Statistical analysis
Analysis of chemokine levels was carried out using one way analysis of variance (ANOVA) for direct group comparisons. Chi-squared analysis was used for comparison of chemokine levels over an increasing LPS dose. A p-value of less than 0.05 was were considered significant. Regression analyses were performed using the Systat package for Apple Macintosh (Systat Inc., Everston, IL, USA). Figures 1-3 show the concentrations of IL-8, RANTES and MCP-1, respectively, in the supernatants of BAL cells from asthmatic and nonasthmatic subjects after 24 h culture with an increasing dose of LPS. IL-8 production by BAL cells ( fig. 1 ) was significantly elevated in the extrinsic asthma group only, compared with atopic controls (p<0.05). Only two out of nine intrinsic asthmatics (compared with five out of ten extrinsic asthmatics) showed an increase in IL-8 above control levels. In contrast, RANTES ( fig. 2) was elevated in the BAL cell supernatants of intrinsic asthmatics only; four out of nine intrinsic asthmatics showed an increase in RANTES above control levels, but this did not reach statistical significance. There was no significant difference in the production of MCP-1 ( fig. 3 ) by BAL cells between the four groups studied. There was very little evidence of an LPS dose-dependent increase in either IL-8, RANTES or MCP-1. Less than half of the subjects responded to LPS by an increase in chemokine production. In these cultures, 0.1 µL·mL -1 LPS appeared to be optimal in most cases. Figure 4 summarizes the staining intensity score of BAL cell cytospins from individual subjects stained for IL-8 ( fig. 4a), RANTES (fig. 4b) and MCP-1 (fig. 4c) . These results show a relatively intense staining for IL-8 in both intrinsic and extrinsic asthma groups compared with controls, while the most intense positive stain for RANTES was found in the intrinsic asthma group. Most cytospins stained weakly or moderately for MCP-1 across the four subject groups. However, the largest group of moderately stained samples was in the extrinsic asthma group. This was interesting because no increase in MCP-1 had been identified in BAL cell culture (see above), suggesting the storage, but not secretion, of this chemokine. The cell type staining positive in each case was the macrophage. The few other types of cell that were present (i.e. lymphocytes and neutrophils) were negative.
Results
Production of IL-8, RANTES and MCP-1 by BAL cell cultures
Immunohistochemical staining of BAL cells for IL-8, RANTES and MCP-1
Regression analyses showed positive correlations between the production of IL-8, RANTES and MCP-1 in BAL cell culture supernatants (in the absence of LPS) and the macrophage staining intensity score for each chemokine (r=0.765, 0.662 and 0.695 for IL-8, RANTES and MCP-1, respectively). BAL cells were not immunostained for chemokines after the 24 h culture period. We did not find any other correlations between BAL cell chemokine levels and the proportions of any other cell type present in the BAL. These results support the hypothesis that the macrophage is a major potential source of IL-8, RANTES and MCP-1 in the BAL cell cultures. Figure 5 shows the levels of IL-8 ( fig. 5a ), RANTES ( fig. 5b ) and MCP-1 ( fig. 5c ) in the unconcentrated BALF of asthmatic and control subjects. IL-8 was significantly elevated in the BALF of intrinsic asthmatics compared with control levels (p<0.05), but there was no increase in IL-8 in the extrinsic asthma group. Three out of nine intrinsic asthmatics had noticeably elevated RANTES in their BALF, but this was not statistically significant for the group as a whole. Interestingly, the concentration of RANTES present in the BALF correlated well with the level of RANTES produced by BAL cell cultures (r=0.741), suggesting that the production of RANTES by macrophages in the BAL may be at least partly responsible for the elevated RANTES in the BALF of these asthmatics. In contrast, neither IL-8 nor MCP-1 in the BALF correlated particularly well with BAL cell culture supernatant concentrations (r=0.569 and r=0.440 for IL-8 and MCP-1, respectively), indicating that other cells of the airways, for example epithelial cells, may make an equally important contribution to the presence of these two chemokines in BALF.
BALF IL-8, RANTES and MCP-1
Discussion
Our original hypothesis was that the production of chemokines by leucocytes in the airways may contribute to the selective recruitment of inflammatory cells reported in asthma. Furthermore, we suggested that any differences in the immune cell populations recruited to the airways in intrinsic and extrinsic asthma would be reflected in a differential production of chemokines. To study this proposal, we investigated the levels of IL-8, RANTES and MCP-1 protein produced by total BAL cells from intrinsic and extrinsic asthmatics. Total BAL cells were used to better represent the complex inflammatory milieu present in the airways of asthmatics. However, in practice, the differential cell counts showed most of these cells to be macrophages.
An increased production of IL-8 was shown by BAL cells in both intrinsic and extrinsic asthma, significantly so in the case of extrinsic asthma. In contrast, RANTES production was increased above control levels only in BAL cell cultures from intrinsic asthmatics, although not significantly, suggesting that RANTES production by BAL cells may be differentially regulated in intrinsic and extrinsic asthma. MCP-1 production by BAL cells was not significantly increased above control levels in either intrinsic or extrinsic asthma.
To further identify the cellular source of the chemokines, BAL cell cytospins were immunostained for IL-8, RANTES and MCP-1. The macrophage was the predominant positively stained cell in each case; the small numbers of other cell types present (neutrophils, lymphocytes and epithelial cells) were negative. Moreover, the intensity of macrophage staining on cytospins correlated well with chemokine production in the BAL cell cultures. Our results support a role for the macrophage in the upregulation of IL-8 and RANTES, but probably not MCP-1, in asthmatic airways. Epithelial cells are known to be a source of chemokines, but in this study these cells in the BAL were shed and were not viable.
These findings are similar to published studies that showed an increase in IL-8 [16] , but not RANTES [24] in macrophages from the BAL of extrinsic asthmatic individuals. SOUSA et al. [17] demonstrated an increased expression of MCP-1 protein by airway epithelial cells in extrinsic asthma, and our results also suggest that cells other than those in the BAL may be responsible for an increased MCP-1 production in asthma.
The results of chemokine levels in BALF conflicted with those of other workers [25] who have recently demonstrated a significant increase in both RANTES and MCP-1 in 10 fold-concentrated BALF from extrinsic asthmatics. As the effects of concentrating BALF, with regard to other components that may be present in the BALF, are not fully understood, we preferred to use unconcentrated BALF in our assays. We did not find any increase in MCP-1 above control levels, and saw an increase in RANTES only in the intrinsic asthma group, but this was not significant. However, IL-8 was significantly elevated in the BALF from intrinsic asthmatics.
The initial division of the chemokines into α and β subfamilies is now realized to be an over-simplification, as more and more functions are ascribed to each chemokine. IL-8, RANTES and MCP-1 all have the potential to participate in inflammatory allergic and asthmatic responses, because all have the capacity to attract those cell populations involved. All have been shown to attract both CD4+ and CD8+ T-lymphocytes [11, 12, 14] , IL-8 will also attract primed basophils and eosinophils [26] , and RANTES, a potent chemoattractant for eosinophils [18] , can cause histamine release from basophils [27] and selectively enhance IgE production by B-cells [28] . Chemokines have also recently been shown to induce the attachment of T-lymphocytes to those adhesion molecules that are vital for leucocyte recruitment and migration to occur [10, 29] . Therefore, the role of chemokines in asthma is probably more to do with a complex system of leucocyte networking than the attraction of single cell types.
A number of asthmatic subjects in our study were using inhaled steroids (four out of nine intrinsic asthmatics), which have been shown to affect the production of chemokines. KWON et al. [30] recently described the inhibition by dexamethasone of RANTES messenger ribonucleic acid (mRNA) and protein production by stimulated human lung epithelial cells in vitro, and the local production of both IL-8 and RANTES protein in allergen-challenged rhinitic subjects has been shown to be inhibited by pretreatment with topical beclomethasone diproprionate [31] . These reports suggest that the differences we observed in our study would have been diminished by the effect of steroids as suggested in figures 1-3 .
Our study compared atopic and nonatopic asthmatics with atopic and nonatopic controls. We were, therefore, confident that any differences found were the result of asthma rather than co-existing atopy. One of the measures of atopy used in our study was total plasma IgE antibody levels, which may contribute to the pathology of airways disease [32] . Studies on the role of total IgE in airways disease are inconclusive, however, with the most recent report [33] of a longitudinal study of 1,078 individuals showing no relationship between total serum IgE concentrations and spirometric indices in those people who had never smoked. We found no significant differences in the levels of total IgE between atopic and nonatopic subjects (with or without asthma) in our study population. Furthermore, no correlations were found between the level of total plasma IgE antibody and either forced expiratory volume in one second (FEV1), age or reactivity to skin-prick allergens. The return of BALF in the intrinsic asthma group was less than that from those patients with extrinsic disease, which may suggest that intrinsic asthmatics have more small airways disease. However, the number of cells per millilitre of BALF, the differential counts and estimates of disease severity were comparable in both groups of patients.
Differences between intrinsic and extrinsic asthma are often thought to be connected with age, since intrinsic asthma, also known as late-onset asthma, tends to occur mainly in older people, while extrinsic asthma is found in the relatively young. In our study, there was no difference in the age range of intrinsic and extrinsic asthmatic groups. Similarly, the age range of both control groups was the same. The age ranges of both asthma groups slightly exceeded those of their relevant control groups, but by a similar amount. Age was not, therefore, an obvious variable in this particular study.
In conclusion, the present study has investigated the possible differences in chemokine production between intrinsic and extrinsic asthma. Many reports investigating the immunology of intrinsic and extrinsic asthma question whether they represent two distinct conditions [34] . TANG et al. [35] have investigated the production of interleukin-5 by both bronchoalveolar lavage and peripheral blood mononuclear cells from atopic and nonatopic asthmatic and control subjects. They found no significant difference between spontaneous production of interleukin-5 protein from BAL cells of atopic and nonatopic asthmatics, but an increase in response to house dust mite antigen was only seen in the atopic subjects (asthmatic and control). HUMBERT et al. [36] have examined bronchial biopsies from intrinsic and extrinsic asthmatics for the presence of interleukin-4 and interleukin-5 (messenger RNA and protein), and found no difference between the two groups. The production of interleukin-4 in intrinsic asthma conflicts with other published data [7] and did not correlate with clinical parameters [36] . These data reflect the importance of differentiating between asthma and atopy, but eosinophilic inflammation is a universal pathological feature of asthma, so the baseline production of interleukin-5 as a distal immune response in both atopic and nonatopic subjects might be anticipated.
In the present study, we have looked at a novel aspect of this controversy at a more proximal point in the immune response. The data generated support the view that chemokines have a role in the recruitment of inflammatory cells in asthma, and that differential production occurs in intrinsic and extrinsic asthma, suggesting that they are distinct immunopathological entities.
